It is well known that ancient mural paintings preserved in cultural heritage sites may be easily colonized and deteriorated by micro-organisms [1] [2] [3] . Culture-dependent and -independent studies have clearly suggested that bacterial communities inhabiting these works of art are dominated by members of the phyla Actinobacteria and Proteobacteria, among which several novel species have been described [4] [5] [6] . During the course of classification of heterotrophic bacteria isolated from mural paintings in a ca. 1500-year-old tomb (tomb of Xuxianxiu) of the Northern Qi Dynasty in Shanxi Province, China, we isolated a bacterium, designated AFT2
T , belonging to the genus Naumannella of the family Propionibacteriaceae.
The genus Naumannella was first proposed by Rieser et al. [7] based on phenotypic and genetic differences between the bacterium and closely related members of the genera Propionicicella, Propionicimonas, Micropruina and Microlunatus. At the time of writing, there is only a single recognized species (Naumannella halotolerans) affiliated with the genus Naumannella (www.bacterio.net/naumannella.html). Members of the genus Naumannella are Gramstain-positive, aerobic, non-spore-forming and non-motile bacteria. The cell-wall peptidoglycan is of the A3g type, containing LL-diaminopimelic acid (DAP), alanine, glycine and glutamic acid. The major polar lipids are diphosphatidylglycerol and phosphatidylglycerol, and anteiso-C 15 : 0 is the dominant cellular fatty acid. Based on the differences in results obtained from phenotypic characterization including chemotaxonomy and phylogenetic properties of strain AFT2 T and N. halotolerans DSM 24323 T , in current study we propose that strain AFT2
T should be placed in the genus Naumannella as the type strain of a novel species.
Strain AFT2
T was isolated from a mural painting sample collected from a ca. 1500-year-old tomb in China. The mural sample was taken by scraping off the paint layer with a sterile scalpel [8] 12 and 10 mg p-aminobenzoic acid [9] . Strain AFT2
T was subsequently isolated on trypticase soy agar (TSA; Solarbio) after 3 days of incubation at 37 C. Briefly, the enriched cultures were serially diluted with autoclaved NaCl solution (0.85 %, w/v) after microbial enrichment. A 0.1 ml aliquot of each dilution was then plated on TSA to isolate strain AFT2
T . For morphological, physiological and biochemical analyses, the novel strain was studied together with the type strain of the type species of the genus Naumannella (N. halotolerans DSM 24323 T ) under the same experimental conditions. Strain AFT2
T and the reference strain were maintained as glycerol suspensions (15 %, w/v) at À80 C.
Morphological characteristics were observed after cultivation for 3 days on TSA at 37 C. Cell morphology, dimensions, motility and endospore formation were observed by using a biological microscope (BX43, Olympus), transmission electron microscope (H-8000, Hitachi) and scanning electron microscope (S-3400N, Hitachi). The Gram reaction was determined by the KOH-lysis method [10] and a staining-based method [11] . Growth under anaerobic conditions was examined in an anaerobic chamber by the Guangdong Detection Centre of Microbiology (GDDCM; Guangzhou, China) by incubating the strains on TSA and substituting the upper air layer with nitrogen gas. Catalase activity was assessed, based on bubble production from a 3 % (v/v) hydrogen peroxide solution. Oxidase activity was determined using N,N,N¢,N¢-tetramethyl-p-phenylenediamine reagent [12] . The hydrolysis of starch and casein was tested as described by Smibert and Krieg [11] . Biochemical tests, including acid production from carbohydrates, enzyme activities and assimilation of single carbon sources for growth were carried out using commercially available systems (API 50 CH, API ZYM and API 20 NE) according to the manufacturer's instructions (bioM erieux). In addition, oxidation of carbon sources was assayed with Biolog GP2 MicroPlates. Tolerance to NaCl was determined in tryptone soy broth (TSB; l À1 : 17 g tryptone, 3 g soya peptone, 2.5 g K 2 HPO 4 , 2.5 g glucose and 5 g NaCl, pH 7.2) supplemented with 0, 1, 3, 5, 7, 8, 9, 10, 12, 14 % (w/v) NaCl, respectively. Temperature range for growth was tested at 4, 10, 15, 20, 25, 30, 37, 40 and 45 C. Growth at different pH values (pH 4.0-14.0 at intervals of 1.0 pH unit) was investigated with TSB as the basal medium following the protocols of Zhu et al. [13] and Zhao et al. [14] . Characteristics of strain AFT2
T are given in the species description, while differences between the novel strain and N. halotolerans DSM 24323 T are shown in Table 1 .
For phylogenetic analysis, genomic DNA was extracted from purified isolates by the boiling lysis method [15] and the 16S rRNA genes were amplified using the universal primer pair 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGTTACCTTGTTACGACTT-3¢) [16] . Amplification reactions were performed in a total volume of 25 µl containing 1 U Taq polymerase (New England Biolabs), 1Â Taq buffer, 2 mM MgCl 2 , 0.2 mM each deoxynucleoside triphosphate (dNTP), 0.5 µM each primer and 2.5 µl (approx. 10 ng) of template DNA. The thermal conditions consisted of an initial denaturation of 3 min at 94 C; followed by 30 cycles at 94 C for 1 min, 58 C for 1 min and 72 C for 1.5 min; with a final extension at 72 C for 10 min. The PCR product was validated on 1.5 % (w/v) agarose gel with ethidium bromide staining and sequenced by Major Biotech (Shanghai, China). An almost-complete 16S rRNA gene sequence (1484 bp) of strain AFT2
T was submitted to the online database of the EzTaxon-e server [17] to determine the closest phylogenetic relatives. All DNA sequences were then multiply aligned using the CLUSTAL W program [18] . Phylogenetic trees were reconstructed using the MEGA 5.0 [19] program based on the General Time Reversible model with invariable sites and gamma site rate variation (GTR+I+G) using the maximum-likelihood, neighbourjoining and maximum-parsimony methods. The reliability of the tree branch points was assessed by bootstrap analysis of 1000 replicates. The 16S rRNA gene sequence of strain AFT2
T was most closely related to that of N. halotolerans DSM 24323 T (97.01 %) followed by Microlunatus panaciterrae Gsoil 954 T (94.91 %) and Microlunatus parietis 12-Be-011 T (94.73 %). Evaluation of the tree topology revealed that strain AFT2
T formed a monophyletic clade with N. halotolerans DSM 24323
T with a high level of bootstrap support (99 %; Fig. 1 ). Phylogenetic trees reconstructed using different treeing algorithms showed the same type of clustering and tree topology (Figs S1 and S2, available in the online Supplementary Material).
The DNA G+C content and DNA-DNA hybridization experiments were performed by the GDDCM. For the measurement of the DNA G+C content, nucleosides were separated by HPLC (model 1200, Agilent) using a XDB-C18 column (5 µm, 4.6Â250 mm; ZORBAX Eclipse, Agilent) as described by Mesbah et al. [20] . The DNA G+C content of strain AFT2
T was 71.97 mol%, which is close to that of N. halotolerans DSM 24323 T (67.7 mol%). DNA-DNA hybridization was carried out according to the fluorometric method of Ezaki et al. [21] in triplicate. The mean of triplicate determinations of DNA-DNA relatedness between strain AFT2 T and N. halotolerans DSM 24323 T was only 37.27 %, considerably lower than the recommended threshold for species delineation [22] , supporting that strain 
AFT2
T should be classified as a representative of a novel species of the genus Naumannella.
Fatty acid analyses were carried out by the China Centre for Type Culture Collection (CCTCC; Wuhan, China) according to the instructions of the Microbial Identification System (MIDI) as described by Sasser [23] . The fatty acid methyl esters of strain AFT2
T and of N. halotolerans DSM 24323 T were obtained from cells grown on TSA plates for 24 h at 28 C by saponification, methylation and extraction, and then analysed with a Hewlett Packard 6890 N gas chromatograph. The identities and percentages of fatty acids were determined by Sherlock MIS software (MIDI) based on the TSBA6 database. The predominant cellular fatty acid of AFT2
T was anteiso-C 15 : 0 (55.32 %). A comparison of complete fatty acid profiles between strain AFT2 T and N. halotolerans DSM 24323 T is given in Table S1 .
Cell-wall peptidoglycan and whole-cell sugars were analysed by the Identification Service of the CCTCC according to the methods of Schleifer and Kandler [24] and Staneck and Roberts [25] . Cell walls were hydrolysed with hot trichloroacetic acid (10 %) and trypsin. The hydrolysate was placed into a small ampoule with 0.2 ml of 6 M hydrochloric acid. The sealed ampoule was kept at 105 C for 24 h, and dried at 65 C. This residue was dissolved in 0.05 ml distilled water and centrifuged at 12 000 r.p.m. (~13 400Â g) for 5 min. The composition of peptidoglycan was then identified by TLC on silica gel plates. The cell-wall peptidoglycan of strain AFT2
T was of the type A3g (LL-DAP-Gly), containing LL-DAP, alanine, glycine and glutamic acid. Whole-cell sugars were determined from 25 mg (dry weight) of lyophilized cells. Cells were hydrolysed with 1.5 ml 0.5 M H 2 SO 4 and heated for 2 h in a boiling water bath. The hydrolysate was applied to the base line of the TLC sheet along with two standard solutions, and the sugars were then analysed by TLC. The whole-cell sugars contained ribose, mannose, arabinose and galactose.
Polar lipid analysis was performed by the Identification Service of the CCTCC. Lipids were separated by two-dimensional TLC on silica gel plates (layer thickness 0.2 mm; Merck) according to the protocols of Tindall [26] . The polar lipid pattern included diphosphatidylglycerol and phosphatidylglycerol as the major components and two unknown phospholipids and five unknown glycolipids (Fig. S3 ).
Respiratory quinones were determined by the Identification Service of the CCTCC according to the method of Xie and Yokota [27] . Quinones were extracted with chloroform/ methanol (2 : 1, v/v) and separated by TLC. The components of the quinone were then tested by HPLC (UltiMate 3000, Dionex). MK-9(H 4 ) was the only respiratory quinone detected, which was different from N. halotolerans DSM 24323 T (Table 1) .
N. halotolerans DSM 24323 T and strain AFT2 T shared similar characteristics such as the presence of ribose, mannose, arabinose and galactose as the dominant cell-wall sugars, type A3g of peptidoglycan with LL-DAP, anteiso-C 15 : 0 as the predominant cellular fatty acid, and Propionibacterium australiense LCDC-98A072 T (AF225962)
Propionibacterium acidifaciens C3M_31 T (EU979537)
Luteococcus sediminum XH208 T (KC986353)
Luteococcus peritonei CCUG 38120 T (AJ132334)
Luteococcus sanguinis CCUG 33897 T (AJ416758)
Luteococcus japonicus DSM 10546 T (Z78208)
Tessaracoccus oleiagri SL014B-20A1 T (GU111566)
Tessaracoccus flavescens SST-39 T (AM393882)
Tessaracoccus bendigoensis ACM 5119 T (AF038504)
Tessaracoccus lubricantis KSS-17Se T (FM178840)
Tessaracoccus lapidicaptus IPBSL-7 T (KF668596)
Aestuariimicrobium kwangyangense DSM 21549 T (ATXE01000005)

Naumannella cuiyingiana AFT2 T (KF041479)
Naumannella halotolerans WS4616 T (FR832425)
Propioniferax innocua ATCC 49929 T (AF227165)
Mariniluteicoccus flavus YIM M13146 T (KF564278)
Granulicoccus phenolivorans DSM 17626 T (AUHH01000073)
Propionicicella superfundia BL-10 T (DQ176646)
Propionicimonas paludicola DSM 15597 T (FR733712)
Micropruina glycogenica Lg2 T (AB012607)
Friedmanniella lucida FA2 T (AB445454)
Friedmanniella lacustris EL-17a T (AJ132943)
Friedmanniella capsulata Ben 108 T (AF084529)
Friedmanniella luteola FA1 T (AB445453)
Friedmanniella okinawensis FB1 T (AB445455)
Friedmanniella flava W6 T (HQ839787)
Friedmanniella sagamiharensis FB2 T (AB445456)
Friedmanniella spumicola ACM 5121 T (AF062535)
Friedmanniella antarctica DSM 11053 T (Z78206)
Microlunatus ginsengisoli Gsoil 633 T (AB245389)
Microlunatus phosphovorus NM-1 T (AP012204)
Microlunatus aurantiacus YIM 45721 T (EF601828)
Microlunatus parietis diphosphatidylglycerol and phosphatidylglycerol as major polar lipids. Along with the results of phylogenetic investigations, these chemotaxonomic characteristics strongly demonstrate that strain AFT2
T belongs to the genus Naumannella. However, differences in several characteristics between strain AFT2 T and N. halotolerans DSM 24323 T (Tables 1 and S1 ), such as oval to short-rod-shaped cell morphology, white-pigmented colonies, the presence of MK-9(H4) as the only respiratory quinone detected, relative amounts of certain fatty acids, minor polar lipid components, DNA G+C content, production of enzymes, physiological properties and substrate utilization from sole carbon sources, clearly distinguish this isolate from recognized species of the genus Naumannella. In addition, a low DNA-DNA hybridization value with N. halotolerans DSM 24323 T confirmed that strain AFT2 T represents a novel species of the genus Naumannella, for which the name Naumannella cuiyingiana sp. nov. is proposed.
EMENDED DESCRIPTION OF THE GENUS NAUMANNELLA RIESER ET AL. 2012
The description of the genus Naumannella is as given by Rieser et al. [7] , except for the following features from this study. Cells are cocci to short rods. Minor polar lipids are unknown phospholipids and unknown glycolipids. The major respiratory quinones are MK-9(H4) and/or MK-8 (H4).
DESCRIPTION OF NAUMANNELLA CUIYINGIANA SP. NOV.
Naumannella cuiyingiana (cui.ying.i.a¢na. N.L. fem. adj. cuiyingiana pertaining to the Cuiying Arch, the original location of Lanzhou University in which the type strain was identified).
Cells are Gram-stain-positive, aerobic, non-spore-forming, non-motile and oval to short-rod-shaped (0.3-0.7Â0.6-1.0 µm; Fig. S4 ). Colonies on TSA are white, low-convex, circular, smooth, slimy and up to 2 mm in diameter after 3 days of incubation at 37 C. The NaCl, pH and temperature ranges for growth are 0-12 % (w/v) NaCl, pH 6-10 and 20-37 C, respectively. Positive results are observed for hydrolysis of starch, gelatin and aesculin and production of catalase, b-galactosidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, a-mannosidase and a-galactosidase; negative for nitrate reduction, hydrolysis of casein and production of indole, urease, arginine dihydrolase, lipase (C14), trypsin The type strain, AFT2
T (=CCTCC AB 2015428 T =DSM 103164 T ), was isolated from a mural painting sample from a ca. 1500-year-old tomb in China. The genomic DNA G+C content of the type strain is 71.97 mol%.
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